Gibberellins regulate many aspects of plant growth and development. Crystal structures of their receptors provide a view in unprecedented detail of how these hormones operate at the molecular level.
We owe a lot to gibberellins. The green revolution depended on the introduction of semidwarfing genes that impair the biosynthesis or signalling systems of these naturally occurring plant hormones, and they or their biosynthetic inhibitors continue to be widely used to regulate crop growth. A clear understanding of how they function has emerged only recently, a notable advance being the identification 1 of a gibberellin receptor in 2005. On pages 459 and 520 of this issue, Murase et al. 2 and Shimada et al. 3 take matters further. They describe the in its vicinity, just not far away from it. In general, therefore, to see things that are smaller than half a wavelength one has to measure the light really close to the sample -that is, in the near-field region -using a very small detector. An alternative is to detect the light in the far-field while the light source, which in that case must be extremely small, is scanned very close to the sample. The latter is the approach taken by Huber et al. to break the diffraction limit at terahertz frequencies.
Their light source is a tiny metal tip, which tapers down to a diameter of about 30 nm, and is illuminated with a terahertz laser. This metal tip, acting as a lightning rod, collects some of the incident light and scatters it in all directions. A large portion of the scattered light is collected and measured with a sensitive detector. With some clever modulation and measurement tricks, the authors ensure that they observe light emitted only by the very end of the tip, which can thus effectively be viewed as a terahertz light source of nanometre dimensions. As it turns out, the amount of terahertz light scattered towards the detector by this source is strongly influenced by the physical properties of the sample underneath it. By scanning the tip across the sample, these physical properties, such as the concentration of mobile electrons, can be measured in unprecedented spatial detail.
Similar experiments at mid-infrared 2 , for the typical concentrations of mobile electrons in semiconductor devices, the near-field optical contrast is actually largest in the terahertz frequency domain (Fig. 1) , allowing the authors to probe as few as 100 electrons. Needless to say, this technique will find applications in anything that shows a significant response to terahertz waves, such as semiconductors, superconductors and perhaps even the low-frequency vibrations of biological molecules. With further improvements, it might even be used to characterize single molecules or electrons.
Huber and colleagues' experiment is performed at a single terahertz frequency. This is a limitation, not of the method, but rather of the terahertz source used to illuminate the tip. It's more than likely that new terahertz sources, such as the terahertz quantum-cascade laser 4 or broadband terahertz emitters 5 , which can deliver radiation in a range of terahertz frequencies, will at some point be used for terahertz 'nano-spectroscopy' .
The smallest feature that can be seen with terahertz near-field nanoscopy is currently determined by the dimensions of the tip apex. However, as tips become smaller, the nonzero penetration depth of terahertz light into the metal of which the tip is made will render the tip partially transparent at its thinnest end. It will be interesting to observe how this will affect the ultimate spatial resolution of the 'terahertz near-field nanoscope' . Gibberellins (GAs) promote plant growth and developmental processes, such as seed germination and flower induction. Their action allows plants to respond to changes in their environment. At the molecular level, they stimulate the destruction of growthrepressing proteins, known as DELLA proteins 4 , that bind to transcription factors and so prevent them from functioning 5, 6 . The degradation of DELLA proteins requires that they are first tagged by the addition of ubiquitin molecules in a process catalysed by a protein complex known as an SCF E3 ubiquitin ligase recognized and destroyed by another protein complex, the 26S proteasome (Fig. 1) .
The discovery of GA receptors has helped clarify how these hormones initiate the process of ubiquitination and degradation: in the presence of GA, the receptor, known as GID1, binds to DELLA proteins 1, 7 and promotes their association with a component (the F-box) of the SCF E3 ubiquitin ligase 8 . Murase et al. 2 now present the structure of a complex comprising a GID1 receptor from the model plant Arabidopsis thaliana with GA and part of the DELLA protein that interacts with the receptor. Shimada et al. 3 describe the structure of the rice GID1-GA complex. In neither case was it possible to determine the structure of the receptor in isolation.
GID1 proteins resemble esterase enzymes such as the hormone-sensitive lipases that break down fat in animals. Although GID1 proteins do not function as esterases owing to a change in a critical amino acid, they have close structural similarity to these enzymes, being globular proteins containing a pocket for the substrate. The GA molecule contains four carbon rings that give it a rigid structure (Fig. 2) . It is anchored by its carboxylic acid group to the bottom of the receptor pocket, such that its non-polar surface opposite the carboxylic acid group is held at the opening of the pocket. Uniquely, GID1 contains a loose strand at its amino-terminal end that interacts with the surface of the bound GA, so covering the pocket like a lid (Fig. 1) .
Murase et al. 2 show that the DELLA protein interacts with the upper surface of the lid, and they speculate that this interaction may cause a change in the shape of the DELLA protein that allows it to associate with the ubiquitin ligase. Thus, GA functions as an allosteric activator of GID1, causing structural changes that allow the receptor to associate with DELLA proteins, but it does not interact directly with DELLAs itself. The action of GA differs from that of auxin, another plant hormone, which also functions by inducing ubiquitination and degradation of transcriptional regulators known as AUX/IAAs. Auxin, however, associates directly with the F-box of the ubiquitin ligase, acting to promote its interaction with AUX/IAA without changing the structure of either protein or requiring the involvement of a third party 9 . Both papers show similar interactions of the receptors with two different GA molecules, GA 4 and GA 3 . These molecules share features, including the carboxylic acid group on carbon atom 6 (C6) and a hydroxyl group on C3 (Fig. 2) , that are essential for biological activity and, through interaction with polar amino-acid residues, enhance binding of the GA to the receptor. However, GA 3 also contains a hydroxyl group on C13, which contributes little to the binding affinity. Although most plant species predominantly use 3,13-dihydroxylated GAs, the function of the 13-hydroxyl group remains unclear. Its purpose may be to increase the solubility of the molecule and so improve mobility between cells.
The structures determined for GID1-GA indicate that a hydroxyl group on C2, which abolishes growth-promoting activity, would introduce unfavourable steric interactions with the receptor and seriously reduce binding affinity. Hydroxylation on C2 is an important mechanism in higher plants for deactivating GAs, but does not apparently occur in the more primitive club moss Selaginella moellendorffii 10 . In an extension of their study, Shimada et al. 3 replaced selected amino acids in the rice GID1 protein with the corresponding amino acids in Selaginella GID1 and found that, in some cases, the mutated protein had lower affinity for the biologically active GA 4 , but was more accommodating of its 2-hydroxy derivative. They propose that the receptor evolved from a hormone-sensitive lipase through loss of its catalytic activity and gradual refinement of the substrate pocket to increase affinity and specificity for GA. In higher plants, precise regulation of GA concentration is essential, and the receptor must discriminate between the active hormone and its many structurally similar biosynthetic precursors and deactivation products. The work by Murase et al. 2 and Shimada et al. 3 has practical as well as intellectual implications, in that knowledge of the detailed structure of the receptor could help in designing more effective and potentially cheaper GA-like growth regulators for agriculture. On the intellectual front, the next challenge will be to determine how GID1-GA seals the fate of DELLAs by promoting association with the ubiquitin ligase. The variety of mineral species has increased since the birth of the Solar System and the development of terrestrial planets. A refreshing view likens the steady rise in mineral diversity to biological evolution.
The 94 naturally occurring chemical elements can combine into an endless number of compounds. In nature, however, such compounds come as a few thousand mineral species 1 , each with its own eclectic selection of atoms systematically organized in crystal lattices. Geologists have long used the concepts of 'primitive' and 'evolved' rocks to describe the observation that planets such as Earth started out as more or less homogeneous systems, which over time segregated into chemically distinct reservoirs -on Earth, the continents, the oceans and the atmosphere, for example. The rocks that differ most markedly from the initial average planetary composition are 'evolved' , and those that never travelled far from their starting composition are 'primitive' . The planets were constructed from building blocks similar to the meteorites that fall to Earth from time to time. The meteorites, in turn, are composed of grains that condensed out of the solar nebula or formed from melt droplets that circled the early Sun. The transition from primary dust to full-scale worlds was followed by a steady increase in mineral species diversity.
Writing in American Mineralogist, Hazen et al. 2 cast the progressive diversification of the mineral inventory of the Solar System and Earth (and presumably of the terrestrial planets in general) in terms of mineral evolution. They show that in both GA 3 and GA 4 the carboxylic group on C6 and the hydroxyl group on C3, which are essential for biological activity, promote binding to the receptors. A hydroxyl group on C13, which is present in GA 3 but absent in GA 4 , neither promotes nor hinders binding, whereas a hydroxyl group on C2 seriously reduces binding affinity. Hydroxylation on C2 is an important mechanism in higher plants for deactivating GAs.
